Transposition of the great arteries is frequently complicated by the early onset of pulmonary vascular disease. It is difficult to measure pulmonary blood flow by the Fick principle because the pulmonary arteriovenous oxygen content difference is small and bronchial blood flow is increased in this condition. In eight patients (mean age 7-7 years, range 3 months to 29 years) with transposition of the great arteries mass spectrometry was used to measure oxygen uptake and predict pulmonary end capillary blood oxygen content. The effects of the bronchial circulation were studied by computer modelling. There was close agreement between pulmonary end capillary and pulmonary vein blood oxygen contents but the resultant percentage difference in arteriovenous content difference was significant (mean (SE of difference)) (14'5(3-8)%). The effect of the bronchial circulation was to give spuriously high estimates of pulmonary blood flow. The error was greatest when oxygen consumption was low and aortic blood was very desaturated. 
Rapidly progressive pulmonary vascular disease is an important complication of transposition of the great arteries. ' 9 This paper reports our approach to the preoperative measurement of pulmonary blood flow in these children. We also discuss how reliable such measurements are likely to be. This assessment was based in part on computer modelling of the pulmonary and bronchial circulation.
Patients and methods
We report nine haemodynamic studies in eight patients. There were five male patients and three female patients, mean age 7 7 years, range three months to 29 years. All had transposition of the great arteries with communications between the circulations at atrial or ventricular level. Table 1 shows the full details. No patient had a ductus arteriosus at the time of the study. In all oxygen saturation was higher in the pulmonary artery than in the aorta. Patient 1 was studied on two occasions, three months apart, because of fears that pulmonary vascular disease had developed while he was awaiting operation. Flow was measured at diagnostic cardiac catheterisation while the patients were intubated and ventilated. Full details of the methods have been published elsewhere.S"" In summary, fluid filled catheters were introduced percutaneously into the femoral artery and vein and positioned in the aorta and pulmonary artery respectively. For the measurements of pulmonary blood flow, oxygen consumption was measured by mass spectrometry (MGA 200), by the steady state, argon dilution principle.'3 Blood Po2, pH, and base excess were measured on a Corning 165 blood gas analyser and used to calculate blood oxygen contents. 16 We assumed that the solubility of free oxygen in blood was 0 03 ml/ mm Hg/l. End Table 2 , in which the patients are arranged in ascending order of age, shows total oxygen uptake, the calculated oxygen contents of blood in aorta, pulmonary artery, pulmonary vein, and pulmonary end capillary, and the values of pulmonary blood flow and pulmonary vascular resistance.
We compared the calculated oxygen content of pulmonary end capillary blood and the measured oxygen content of pulmonary vein blood. The mean difference between the two was 0-29 ml/dl (SD 0-43) measured in air (n = 5) and 0-27 (SD 0-20) measured in oxygen (n = 7). The difference was statistically significant (p = 0-0004) according to repeated measures analysis of variance, allowing for missing data."8 Figure 2 shows the error and bias. If pulmonary end capillary blood was paired with pulmonary artery blood, the mean (SE) of the blood oxygen content differences across the pulmonary circulation was 2-78 (0 52) ml/dl; if pulmonary vein blood was used instead, the corresponding result was 2-47 (046) ml/dl. The mean percentage difference between these two sets of values was 14 5 ( 3 8) (range -3-2 to 33.9%O). Figure 3 shows the error and bias. both are constant while the measurement is made.9 This is rarely if ever true. The smaller the arteriovenous concentration difference, the greater the error that these assumptions produce.9 This paper highlights two particular problems in the measurement of pulmonary vascular resistance in transposition of the great arteries, namely the difficulty of ascertaining the true pulmonary vein blood oxygen content and the possible role of the bronchial circulation.
The lungs are drained by four pulmonary veins. Even in the supine position during cardiac catheterisation there are likely to be regional variations in pulmonary gas exchange. This could result in variations in the oxygenation of blood in the four pulmonary veins, of which one only is routinely sampled. Blood flow is pulsatile at all levels of the pulmonary circulation,'9 and hence red cell capillary transit times will vary with the phase of the cardiac and respiratory cycles. This will result in small phasic alterations in blood oxygen content with time. Slow withdrawal of a systemic blood sample would partially overcome these effects if there were no intracardiac shunts. But this procedure is open to the criticism that it produces a time average sample at a point not a volume average at the area of sampling. These data suggest that the measured lowest pulmonary vascular resistance is the "best case". The "worst case" is found by modelling the effects of the bronchial blood circulation and adding 15 for the effects of the problems of pulmonary venous sampling. Figure 5 shows this approach in our patients. Pulmonary vascular resistance is plotted against bronchial blood flow, to show the "best" and "worst" cases. In many patients the decision to operate can be reached without recourse to these calculations. In patients where there is doubt, we believe that such calculations may be helpful, permitting the importance (or otherwise) of the uncertainties in the conventional calculations to be modelled. In our laboratory, a lowest resistance of 6-5 units was associated with inoperable pulmonary vascular disease.23 So if the "best case" is significantly greater than 6-5 units, then only palliative procedures should be offered; if the "worst case" is less than 6 5 units, then corrective operation can be considered. If the possible range of resistance spans 6-5 units, then a lung biopsy is needed to assess the disease.
